The Co38Ni33Al29 alloy in both powder and bulk state was investigated in the presented study using neutron diraction on E9 high resolution powder diractometer at HZB (BER II). The reverse martensitic phase transformation from the tetragonal martensitic phase into the cubic austenitic phase was observed with the phase coexistence within the temperatures from 183 K to 133 K. The fcc cobalt solid solution particles distributed in the transforming matrix remained in the same state through the whole temperature range. The obtained results agree with magnetization measurements on the same annealed sample. The powder data are compared with experiments on bulk sample, although there was a texture present. The obtained results provide further information about the phase transition process in this important class of ferromagnetic shape memory alloys.
Introduction
Cobalt-based shape memory alloys belong to the less understood ferromagnetic shape memory alloys (FSMAs) [1] . Although their magneto-elastic properties are not as promising as in NiMnGa alloys [2] , their mechanical properties and superelastic behavior in a wide temperature range are very interesting for possible applications. Cobalt based FSMAs have a complicated two-phase microstructure even at high temperature in the austenitic state [3] . The B2 ordered matrix (Co,Ni)Al (space group Pm3m ) undergoes martensitic transformation into the L1 0 tetragonal phase (space group P4/mmm ), while the disordered cobalt solid solution particles remain in the A1, face centered cubic (fcc) phase (space group Fm3m ) and help to accommodate stresses during transformations. The transformation mechanism is very similar to that in the NiAl alloys [4] .
Previous studies on the Co 38 Ni 33 Al 29 alloy demonstrated strong dependence of its transformation properties on the thermomechanical history, mainly the crystallization velocity [5, 6] and the same behavior was noticed on similar alloys as well [7] . Since it is known that the transformation can be aected by the complex distribution of the fcc cobalt solid solution particles within the B2 matrix in the bulk material, we performed neutron diraction experiments both on powder material and on quickly solidied bulk polycrystals with homogeneous distribution of the fcc particles. * corresponding author; e-mail: kopecek@fzu.cz 2 
. Experimental details
The samples were prepared from the re-melted material, which was cooled down in the resistance heated furnace under an argon atmosphere. The bulk material was grinded mechanically in the planetary mill. The powders were sealed in argon lled silica tubes and annealed for 1 h at 1350
• C, then cooled down slowly out of the furnace. The polycrystalline sample was taken from the same material and was annealed for 1 h at 1275 • C in argon and then quenched into cold water.
Quantitative phase analysis was performed using neutron diraction experiments on a high resolution powder diractometer E9 at HZB (BER II) Berlin as a function of temperature during heating. Data were collected up to 158
• 2Θ, the acquisition time of each diractogram was 4 h.
The neutron diraction patterns were rened using the FullProf software. Concerning the occupancy parameters of the sublattices we suppose that nickel and cobalt occupy their positions randomly. If aluminum atoms are lacking in the aluminum sublattice the corresponding positions are occupied by anti-site random mixture of cobalt and nickel atoms. 
Powder samples
Neutron diraction studies were performed at eight temperatures from 375 K down to 73 K. The diraction patterns showed that the sample contains matrix and particles of fcc-cobalt solid solution (A1 phase). The matrix consists of tetragonal L1 0 martensitic phase at the lowest temperatures and through reverse martensitic transformation its structure changes to cubic B2 structure at higher temperatures. The L1 0 martensitic structure exists up to 183 K and the B2 austenitic structure (475) starts to appear during the rst order phase transition at 103 K. Only the B2 and A1 phases were observed from 284 K. The Rietveld quantitative analysis shows that the particles of fcc cobalt solid solution are present in roughly the same weight fraction (914 wt%) at all temperatures, Table. There is no physical reason for the change of weight fraction of fcc cobalt solid solution particles during heating. This notion is supported by the direct comparison of the A1 phase peak intensities, which are approximately constant for the whole temperature range. The observed change of the ratio between matrix and A1 phase (fcc cobalt solid solution) in neutron diraction experiment may be caused by the dierent diraction power of B2 and L1 0 phases and structure eects during martensitic transformation.
Polycrystalline bulk sample
The bulk sample was also characterized in order to evaluate possible dierences with the powder. Neutron diraction at 89 K conrmed the L1 0 and A1 structures. Both L1 0 and B2 phases' diraction peaks were observed in matrix at approximately 215 K. The reverse martensitic transformation was almost nished at this temperature in the powder sample. Although the diractograms are aected by the real structure and texture, we can estimate that there is a much higher amount of L1 0 than found in powder. Only (210) and small (110) peaks of the B2 phase were observed at room temperature, which is due to large size transformed B2 grains, as conrmed by metallographic studies, Fig. 5 .
The reverse martensitic transformation leads to signicant coarsening of the microstructure and dirac- tograms become insucient for reliable quantitative analysis. Subsequent metallurgical studies proved that the bulk sample consists of a rather limited number of grains. The microstructure of the bulk sample is complicated by the presence of large B2 grains with plenty of small fcc cobalt solid solution particles and areas of smaller B2 phase grains embedded within large fcc cobalt solid solution formations, Fig. 5 . Such structure originates from a complicated crystallization kinetics. Thus, sucient statistics for representative diraction patterns could not be obtained due to the small amount of diracting grains. Diraction peaks of B2 austenite did not appear, though the complex microstructure of martensitic lamellae exhibited good conditions for diraction.
Discussion
The martensitic transformation depends strongly on the thermomechanical history of the sample and the local stress distribution. Neutron diraction proved to be ecient tool to study the phase transformation within the whole volume of the material.
Annealing and subsequent quenching create a special state of matrix with a massive amount of various phase nanoprecipitates. They are thought to be responsible for a high transformation temperature [7] . The same behavior was found in the crystals grown in our laboratory in which fcc cobalt solid solution nanoprecipitates [8] or hexagonal close packed (hcp) cobalt solid solution nanoprecipitates [9] were observed. Such small objects in the matrix can aect the shape of the matrix diraction peaks (broadening), however the quality of the data is not good enough to perform a reliable size/strain analysis. The present experiments established reverse martensitic transformation temperatures to be A S > 103 K and A F ≈ 215 K. These results agree with the values obtained on the same alloy by magnetic susceptibility measurement. In the bulk, the pinning of a signicant amount of martensite was observed at 199 K in contrast with the transformation of the powder of the same composition, which is nearly completely transformed (approximately 98% of B2 austenite) at this temperature. Unfortunately, the bulk sample diraction proles do not show quality for further detailed analysis. The reason of the poor quality of data is the roughening of the microstructure due to the transformation of various martensite variants into the cubic austenitic phase, as was explained in the previous section.
Conclusions
Phase transformations in the Co 38 Ni 33 Al 29 alloy in powder as well as polycrystalline bulk form were studied by in situ neutron diraction during heating. The reverse martensitic transformation in powder was observed in the temperature range A S > 103 K and A F ≈ 215 K. The bulk sample transforms to martensite as well but at a higher temperature and we cannot exclude the existence of martensite pinned on precipitates at the highest temperature measured. However, since the bulk sample contains large grains, detailed interpretation of the neutron diraction data is not reliable.
